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ABSTRACT 

Back ground: compared to laser photocoagulation, intra vitreal injection of anti-vascular endothelial 
growth factors (Anti VEGFs) have more desirable results and less complication. Study of this issue by 
multifocal electroretinogram (mf-ERG) revealed significant improvement in macular function 
associated with decreased retinal thickness using optical coherence tomography (OCT) and 
improvement of best corrected visual acuity (BCVA). 

Aim of the Work: to study the role of multifocal Electroretinogram in the follow up of diabetic 
macular edema after intravitreal injection of Anti vascular endothelial growth factors (Anti-VEGFs) 
and study its correlation to visual acuity and optical coherence tomography changes. 

Patients and Methods: a non-randomized prospective study was carried out from February 2018 to 
August 2018 on thirty eyes of patients with diffuse or focal DME without macular ischemia. The patients 
were selected from the outpatient ophthalmology clinic of Al-Hussein University hospital. The patients 
were injected intravitreally by anti VEGF Ranibizumab 0.5 mg / 0.05 mL at baseline, 1 and 2 months. In 
this study we assessed pre and post-injection BCVA, IOP measurement by applanation tonometer, OCT 
and multifocal ERG changes over 3 months. 

Results: log MAR BCVA improved from (0.88+0.12) preoperatively to (0.53+0.18) at the end of the 3rd 
month, with P-value <0.001. Central subfield thickness 1 mm improved from (408.73+79.40 um) 
preoperatively to (224.33432.49 um) at the end of the 3rd month, while para and peri-foveal thickness 
improved from (402+46.52 um) preoperatively to (286.30432.67 um) at the end of the 3rd month, with P- 
value <0.001. PI amplitude in ring 1 using MF-ERG improved from (33.08+10.59 nv/deg2) 
preoperatively to (58.30432.67 nv/deg2) at the end of the 3rd month, with P-value<0.001. P1 amplitude in 
ring 2 using MF-ERG improved from (18.82+5.01 nv/deg2) preoperatively to (26.36+3.006 nv/deg2) at 
the end of the 3rd month, with P-value in the 1st month <0.05, while in the 3rd month <0.001. P1 implicit 
time in ring 1 using MF-ERG improved from (78.65+412.37 ms) preoperatively to (63.78+15.73 ms) at the 
end of the 3rd month, with P-value in the 1st month <0.05, while in the 3rd month <0.001. P1 implicit time 
in ring 2 using MF-ERG improved from (48.81+6.44 ms) to (44.39+4.06 ms) at the end of the 3rd month, 
with P-value in the Ist and 3rd months <0.05. Complications during follow up of patients especially 1 
week after injection were relatively uncommon, including mild subconjunctival haemorrhage in 1 eye 
(3.3%) and transient increase of IOP in 4 eyes (13.33%). 

Conclusion: intravitreal injection of Anti-VEGFs especially Ranibizumab resulted in improvement of 
macular function in study patients with diabetic macular edema. Postoperative improvement in visual 
acuity was accompanied by decreased retinal thickness measured by OCT and improvement of P1 
amplitude in the central ring measured by MF-ERG. 
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INTRODUCTION: and it has been identified as the gold standard for 


(2) 
Diabetic retinopathy (DR) is one of the the treatment of DME “'. 


leading reasons of blindness throughout the However, it carries risks in many cases, 
world, and diabetic macular edema (DME) is a and efficient laser treatment may still not prevent 
major complication of DR which leads to visual the progression of diffuse macula edema in the 
acuity loss ®. long term. Vascular endothelial growth factor 


(VEGF) is considered to be the main stimulus 
generation of diabetic macular edema, and 
pharmacologic therapies that inhibit VEGF may 


directly target the main cause of the pathology ®. 


The Early ‘Treatment Diabetic 
Retinopathy Study (ETDRS) pointed out that 
laser treatment was a significant therapy in 
clinically significant macular edema (CSME), 
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Studies in this field have been 
conducted using different anti-VEGF agents 
such as pegaptanib sodium, bevacizumab, and 
ranibizumab ®. 


Ranibizumab is a human anti-VEGF 
monoclonal antibody, which can be used in 
combination with all VEGF-A active isomers. A 
small phase I clinical trial of the intravitreal 
injection of ranibizumab for treatment of DME 
showed that the patients’ condition improved, 
and there were no ocular or systemic adverse 
reactions reported at the end of the treatment ®. 


High-resolution optical coherence 
tomography (OCT) can be used to identify the 
changes in central retinal microstructure. 
Previously, retinal morphological changes in 
DME could only be observed by time domain 
OCT scans. The current spectral domain optical 
coherence tomography (OCT) can give accurate 
analysis and provide precise data for the central 
retinal thickness. Advances in OCT technology 
have the ability to provide enhancement tools for 
clinicians to explain the cause of poor visual 
acuity (VA) in the treatment of DME. It 
determines the changes in the structure of the 
central retina, which may be related to subjective 
visual performance measurements, such as visual 
acuity and visual field ©. 


With the development of multifocal 
electroretinogram (mf-ERG), we can use it to 
study central retina area more accurately, so as to 
objectively assess the macular dysfunction 
degree. It is an important objective test 
identifying functional changes in the retina in 
early phases of DR ®. 


AIM OF THE WORK: 


The aim of this work is to study the 
role of multifocal Electroretinogram (mf-ERG) 
in the follow up of diabetic macular edema 
after intravitreal anti-vascular endothelial 
growth factors (Anti VEGFs) and study its 
correlation to visual acuity and optical 
coherence tomography changes. 


PATIENTS AND METHODS: 


This non-randomized prospective study 
included 30 eyes of patients suffering from 
diffuse or focal DME without macular ischemia 
at Al-Hussein University Hospital from February 
2018 to August 2018. The study protocol was 
adhered to the tenets of the declaration of 
Helsinki and was approved by the ethical board 
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of Al-Azhar University. All patients informed 
about the details & the risk of the procedure 
and signed a written informed consent. The 
patients were injected intravitreally by anti 
VEGF (Ranibizumab 0.5 mg / 0.05 mL) at 
baseline, 1 and 2 months. In this study we 
assessed pre and post-injection BCVA, IOP 
measurement by applanation tonometer, OCT 
and multifocal ERG changes over 3 months. 
The study was approved by the Ethics 
Board of Al-Azhar University. 


Patients selection: 
Inclusion criteria: 


= Age: 40-70 years. 

= Patients with type II diabetes mellitus with 
non-proliferative diabetic retinopathy 
(NPDR) and significant focal or diffuse 
DME confirmed by FFA and OCT. 

= Glucose level must be controlled and 
evaluated by Glycosylated hemoglobin 
(HBAIc). 


Exclusion criteria: 


= Media opacity that preclude adequate 
OCT. 

= Patients with glaucoma. 

= Patients with vitro-retinal pathology such 
as epiretinal membrane or vitro-macular 


traction. 

= Patients with diffuse or central retinal 
degeneration that may affect multifocal 
ERG recording. 

= Patients with history of laser 
photocoagulation. 

Methods: 

History taking: 

= Age. 


= Duration of diabetes, any systemic disease 
and drug intake. 
= Type, duration, and onset of diminution of 


vision. 
= Previous ocular surgery or interventions. 
Assessment of uncorrected and best 
corrected visual acuity: 
All visual acuity results were 


transformed to the common logarithm of the 
minimum angle of resolution (Log MAR). 


Intraocular pressure (IOP) measurement: 
using Goldman’s applanation tonometry. 
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FFA: 


A colored photo of the fundus was taken at 
first prior to injection. Then, a series of 
digital photographs were taken after 
injection of fluorescein. 


Macular OCT: 


Macular OCT was done to detect the 
presence of retinal thickening, cystoid 
macula edema, hard exudates and 
vitreoretinal interface. 

Baseline central retinal characteristics 
were analyzed by OCT through a dilated 
pupil. 

Line scans: vertical and horizontal 6 mm 
line scan passing through the central 
fovea. The line scan comprises 1024 axial 
scans. Sixteen scans for 16384 total data 
points averaged to single scan image. 
Retinal thickness was defined as the 
distance between the inner retinal surface 
defined as the interface between the dark 
vitreous and the bright reflection of ILM 
and the outer retinal surface defined as the 
inner surface of bright RPE/Bruch's 
membrane interface. Also, scans were 
graded for the presence of specific 
morphological patterns of macular edema. 
Macular map 5 mm (MM5): Central 
subfield foveal thickness, defined as the 
average retinal thickness of 1 mm of 
central scanned area, using macular cube 
(MM5) in which 5x5 mm square grid 
centered on fixation, the grid spacing is 
0.25mm in the inner 3x3 mm area and 
0.5mm in the outer area. 17 horizontal 
then 17 vertical line scans all centered at 
fovea. 


Multifocal ERG: 


Mf-ERG was done on Ronald Consult 
RETI-port gamma plus2. (Fig.1) 





Figure 1: Ronald Consult RETI-port gamma 


plus2. 


We recorded MF-ERG by using skin 
electrodes; on Ronald Consult RETI-port 
gamma plus2, after 10 minutes of light 
adaptation and pupil dilation with 
tropicamide. 

The stimulus consisted of 61 hexagons, 
covering 25-30° of visual field and 
presented on a 20-inch monitor at a 
viewing distance of 28 cm. 

Refractive errors were corrected for the 
viewing distance. 

A ground electrode is connected to the 
forehead. 

The fellow eye is occluded with light 
pressure to prevent blinking and the 
electrical artifacts it can introduce. 

Both eyes can be recorded simultaneously. 
The mf-ERG recordings are performed 
using the ‘standard’ mf-ERG visual 
stimulus. 

The hexagon areas increased with 
eccentricity to compensate differences in 
cone density across the retina (leading to a 
fourfold size change). 

Each hexagon was temporally modulated 
between light and dark (frame rate: 60 
Hz; maximum luminance: 120cd.m2). 
Subjects were instructed to fixate in the 
center of the stimulus. 

Fixation was checked by means of online 
video-monitoring during the 6 minutes 


lasting recording sessions and high- 
amplitude artifacts were automatically 
eliminated. 


To improve fixation stability, sessions 
were broken into 45-second segments, and 
eight trials were recorded in total. 

Signals were amplified with a gain of 
100.000 and filtered with a band-pass filter 
(5-300 Hz). 

The surface electrode impedance was less 
than 5 kQ. 

For each hexagon, the amplitude of P1 
(defined as the difference between N1 
trough and P1 peak) was calculated, and 
the implicit time of the Pl component 
determined from the onset of the stimulus 
till the peak of the P1 wave. 


Data output: 


The P1 amplitude and implicit time of the 
first order kernel of the mf-ERG from two 
concentric rings centered on the fovea 
were averaged and the mean from each 
ring summation was analyzed (Fig.2) 
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5 5 5 5 5 
Figure 2: MF-ERG ring topography showing 
the 5 concentric rings consist of 61 hexagon 
patterns used in the analyses. 


Operative technique: 


= Intravitreal injection was given at the 
operating theatre using aseptic technique. 
(Fig.3) 

= All patients received 3 
baseline, 1 and 2 months. 

= Topical anesthesia Benoxinate HCL 0.4 % 
eye drops. 

= Ocular sterilization with betadine eye 
drops 5% and draping. 

= Insertion of a lid speculum. 

= Ranibizumab (Lucentis) 0.5 mg / 0.05 mL 
was injected through pars plana with a 28- 
gauge needle 4mm behind the limbus in 
phakic patients and 3.5 mm in 
pseudophakic patients. 

= The patient is asked to look 90 degrees 
away from the injection site. 

= The needle was inserted in the marked site 
in a smooth and single motion, aiming for 
the mid-vitreous cavity. 

= Securing the removal of the syringe by a 
tip of cotton swab to prevent reflux of 
Lucentis or vitreous from the injection 
site. 

= Central retinal artery perfusion and IOP 
were assessed just after injection; 
paracentesis was done if IOP was 


injections at 


markedly increased. 

= Removal of eye speculum. 

= Application of eye ointment (combination 
of antibiotic and steroid). 

= Eye patching by sterile dressing. 

= Topical antibiotic moxifloxacin 5mg /ml 
was prescribed for 5 days. 
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Figure 3: Intravitreal injection 
Post-operative: 


= The patients were monitored for potential 
injection related complications by 
measurement of BCVA, IOP, anterior 
segment and posterior segment evaluation 
at 1, 3 and 7 days after injection. 

= The anatomical and functional responses 
to treatment were followed up at 1 and 3 
months after baseline injection. 


Statistical analysis: 


For statistical analysis of the data, 
SPSS (Statistical package for social science) 
version 19 was used. 


= Quantitative data were expressed as mean 
+ standard deviation (mean + SD). 


Shapiro—Wilk test was used to assess 
the normality of the analyzed parameters’ 
distribution (normally distributed data & data 
not follow a normal distribution). 


In the statistical comparison between 
the different groups, the significance of 
difference was tested using one of the 
following tests: 


I. Paired t-test: One of the parametric tests, 
was used to compare samples of normally 
distributed data. 


II. Wilcoxon test: One of the non-parametric 
tests, was used if the data not follow a 
normal distribution. 


Correlation among data was assessed 
using Pearson coefficient. 


The confidence interval was set to 
95% and the margin of error accepted was set 
to 5%. So, the probability value (P-value) was 
considered significant as the following: 


= P-value <0.05 was considered 
significant. 
= P-value <0.001 was considered as 
highly significant. 
» P-value > 0.05 was considered 
insignificant. 
RESULTS: 


Thirty eyes of twenty-four patients 
were selected. They were 11 females and 13 
males. The average age was 56.86 + 5 years. 
The average duration of diabetes in patients 
was 14.93+3.06 years. FFA showed 25 eyes 
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with diffuse DME and 5 eyes with focal DME. 
The average Log MAR BCVA was 0.88+ 
0.12. The average central subfield thickness 1 
mm was 408.73+79.4 um. The average para & 
Peri-foveal thickness was 402+46.52 um.The 
average Pl amplitude in ring 1 was 
33.08+10.95 nv/deg2. and in ring 2 was 
18.82+5.01 nv/deg2. The average P1 implicit i Batore vector t= moren wa morer 
time in ring | was 78.65+12.37 ms and in ring 
2 was 48.81+6.44 ms. (table 1) 


Mean Log MAR BCVA 








Figure 4: Diagrammatic representation between 
preoperative and postoperative Log MAR BCVA. 


Table 1: Preoper ative demographic data and = Measurement of macular thickness using 
clinical characteristics: OCT showed highly significant statistical 


difference (P <0.001) using Wilcoxon test. 
y Central subfield thickness 1 mm improved 
Males 13 54.17% i 
from (408.73+79.40 um) preoperatively to 
(224.33+32.49 um) at the end of the 3rd 
Left 13 43.33% month, while para and peri-foveal thickness 
improved from (402+46.52 um) 
preoperatively to (286.30432.67 um) at the 


end of the 3rd month. (table 3&4, Fig.5&6) 


9 
21 
Diffuse 
25 83.33% 
FEA 5 16.77% 


Log MAR BCVA 0.88 0.12 


central subfield thickness 1 408.73#79.4 um 
mm 
para & Peri-foveal 


After injection: 


= Log MAR BCVA improved from 
(0.880.12) preoperatively to (0.53+0.18) 
at the end of the 3rd month, using Paired T 
test with P-value <0.001 indicating highly 
significant statistical difference. (Table 2 
& Fig.4) 


Table 2: Differences between preoperative 
and postoperative Log MAR BCVA: Figure 5: Diagrammatic representation between 


Log MAR BCVA preoperative and postoperative central subfield 
0.880.412 | thickness | mm. 
1“month |  0.73+016 | l 
ET: Lan Table 4: Differences between preoperative 


Table 3: Differences between preoperative and 
postoperative central subfield thickness 1 mm: 


Central subfield thickness 1 
mm value 


um 








Mean central subfield thickness in pm 





Betore rector tat morth Fa more 





and postoperative para and peri-foveal 
thickness: 


Para & Peri-foveal Mean + SD P 
thickness value 


Before injection 402+46.52um | | 


1* month 346.93431.55 <0.001 
um 
um 





6169 


Multifocal Electroretinogram changes after.... 





f g 
: ; 
z 2 10 
7 $ 
Figure 6: Diagrammatic representation between Figure 8: Diagrammatic representation between 
preoperative and postoperative para and Peri- preoperative and postoperative P1 amplitude in 
foveal thickness. ring 2. 
= P] amplitude in ring 1 using MF-ERG = P] implicit time in ring 1 using MF-ERG 
improved from (33.08+10.59 nv/deg2) improved from (78.65+12.37 ms) 
preoperatively to (58.30+32.67 nv/deg2) at preoperatively to (63.78+15.73 ms) at the 
the end of the 3rd month, using paired T test end of the 3rd month, using paired T test 
with P-value <0.001 indicating highly with P-value in the Ist month <0.05 
significant statistical difference. (table 5, indicating statistically significant 
Fig.7) difference, while in the 3rd month <0.001 
indicati highly significant statistical 
Table 5: Differences between preoperative and PAE a Fig 9) E 


postoperative P1 amplitude in ring 1: 


Table 7: Differences between preoperative 
| Before injection | 33.08+10.59 nv/de? | | and postoperative P1 implicit time in ring 1: 
Before injection | 78.6541237 | 


43.72+8.01 nv/deg" | <0.001 
58.30+32.67 nv/deg” | <0.001 





73.25+14.47 | 0.035 
63.78+15.73 | <0.001 






P1 amplitude in ring 1 in nvideg2 


P1 implicit time in ring 1 in ms 





Figure 7: Diagrammatic representation between l Betre myecton smemo odmor 

preoperative and postoperative P1 amplitude in Figure 9: Diagrammatic representation 

ring 1. between preoperative and postoperative P1 
. ae implicit time in ring 1. 

: is apes ee = PI implicit time in ring 2 using MF-ERG 
improved from = (18.8245.01  nv/deg2) improved from (48.8146.44 ms) to 
preoperatively to (26.36+3.006 nv/deg?) at (44.3944.06 ms) at the end of the 3rd 
ne end of the “0 mont Use panee Tirs month, using paired T test with P-value in 
“a = ane = me oe month <0.05 the Ist and 3rd months <0.05 indicating 
indicating Statistically significant difference, statistically significant difference. (table 8, 
while in the 3rd month <0.001 indicating Fig. 10) 
highly significant statistical difference. (table 
6, Fig.8) Table 8: Differences between preoperative 


and postoperative P1 implicit time in ring 2: 


Table 6: Differences between preoperative and Pi implicit time in ring 2 
postoperative P1 amplitude in ring 2: 48.8146.44 | | 
46.187.59 | 0.007 


P1 amplitude in ring 2 
44.39+4.06 | 0.002 


18.8245.01 nvideg | | 





21.58+4.14 nv/deg 0.014 
26.36+3.006 nv/deg” | <0.001 
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P1 implicit time in ring 2 in ms 


Before ryection iat morth xo 


Figure 10: Diagrammatic representation 
between preoperative and postoperative P1 
implicit time in ring 2. 


= Measuring IOP using Goldman’s 
applanation tonometer showed that, there 
is a little rise of IOP at Ist and 3rd months 
with insignificant difference in P-value > 
0.05. (table 9, Fig.11) 


Table 9: Differences between preoperative 
and postoperative IOP: 


| TOP | Meant SD | P-value | 
| Before injection | 14.8+1.7 mmHG | 





IOP in mmHG 


Figure 11: Diagrammatic representation 
between preoperative and postoperative IOP. 


= Complications during follow up of patients 
especially 1 week after injection were 
relatively uncommon, including mild 
subconjunctival haemorrhage in 1 eye 
(3.3%) and transient increase of IOP in 4 
eyes (13.33%). 

Discussion: 


DME is a complicated process 
associated with many factors; the pathogenesis 
is thought to be due to altered permeability of 
the blood-retinal barrier, which results in fluid 
accumulation at the macula ”. 


The previous treatment standard of 
DME was laser photocoagulation, but there are 
different degrees of complication, including 
lack of an obvious increase in visual acuity 
and intraocular pressure elevation. A quantity 








morth 
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of randomized multicenter researches have 
proven that repeated intravitreal anti-VEGF 
injections have superior outcomes on patients 
with DME when compared to laser treatment 
alone ®. 


Compared with laser 
photocoagulation, anti-VEGF therapy can 
achieve better corrected visual acuity and less 
visual field defect; the lower incidence of 
center involving macular edema and vitreous 
hemorrhage reported in the anti-VEGF group 


than laser photocoagulation group ®. 


Nguyen et al. “” proposed that anti- 
VEGF treatment by Ranibizumab should be 
the first-line treatment for DME. 


Nepomuceno et al. “” studied 63 eyes 


with center involving DME and were 
randomly assigned to receive 1.5 mg 
bevacizumab or 0.5 mg ranibizumab at 
baseline and repeated monthly if the central 
sub-foveal thickness was greater than 275 um. 
They observed a significant improvement in 
BCVA in both groups at all study visits (P 
<0.05); significantly greater in the IV 
Ranibizumab group compared with IV 
Bevacizumab group at weeks 8 (P = 0.032) 
and 32 (P = 0.042). A significant reduction in 
mean central sub-foveal thickness was 
observed in both groups at all study visits 
compared with baseline (P< 0.05), with no 
significant difference in the magnitude of 
macular thickness reduction between groups. 
They concluded that IVB and IVR are 
associated with similar effects in central sub- 
foveal thickness in patients with DME through 
I year of follow up. IVR was associated with 
greater improvement in BCVA at some study 
visits, and the mean number of injections were 
higher in IVB group (9.84) than in the IVR 
group (7.67). 


In this study, we observed that 
intravitreal anti VEGF injection significantly 
improved BCVA from (0.88+0.12) 
preoperatively to (0.53+40.18) at the end of the 
3rd month, with P-value < 0.001. Also, foveal 
thickness improved significantly from 
(408.73+79.40 um) preoperatively to 
(224.33+32.49 um) at the end of the 3rd 
month, with P-value < 0.001. 


Browning et al. “” mentioned that 


although correlation between BCVA and CFT, 
there was a great change in visual acuity at any 
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given retinal thickness, and OCT measurement 
solely may not be a nice replacement for visual 
acuity as a main result in researches on DME. 


OCT can only record the degree of 
edema; the duration of edema and the damage 
to cells cannot be evaluated. In contrast, mf- 
ERG is a technique that through simultaneous 
stimulation of different regions of the retina, 
retinal function can be mapped in the posterior 
pole. It has been used for recording local 
electrophysiological responses of different 
retinal regions “””. 


Yamamoto et al. “* showed that mf- 
ERG readings from the macular area were a 
good objective indicator of macular function in 
patients with DME and were strongly 
correlated with morphologic changes in the 
macula. 


Abdollahi et al. “”) studied 64 eyes of 
32 patients with bilateral symmetric CSME. 
Macular photocoagulation (MPC) was done in 
all eyes. After 7 days, 1.25 mg of 
Bevacizumab was randomly injected in one 
eye of each patient and the other eye assigned 
for sham injection. MF-ERG was repeated 8 
weeks after injection, and changes in visual 
acuity and MF-ERG were compared in the two 
groups. The mean BCVA at baseline was 0.55 
in IVB group and 0.51 in the control group. At 
the 8" week BCVA were 0.41 and 0.53 
respectively, also the amplitude and implicit 
time showed significant improvement in MF- 
ERG compared with the sham group. They 
concluded that IVB can augment the effect of 
macular photocoagulation in DME and can be 
used as an adjunctive treatment in these cases. 


Soriano et al. °° treated thirty-one 
eyes of thirty patients with intravitreal 
injection of 2.5 mg Bevacizumab. MF-ERG 
testing was performed at baseline and after the 
initial IVB treatment at 1 month and found that 
subjects undergoing MF-ERG testing had no 
statistically significant changes in 
electrophysiological responses 1 month after 


IVB and that MF-ERG testing doesn’t 
demonstrate any short-term cone 
photoreceptor toxicity after intravitreal 
bevacizumab. 


Enany et al. “” evaluated MF-ERG 
changes in 60 eyes of 45 patients with CSME 
after treatment with IVB with or without 
steroids. The patients were divided into three 
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groups and each group included 20 eyes. The 
first group was treated with IVB alone, the 
second group was treated with IVB and 
triamcinolone injection, and the third group 
was treated with IVB and dexamethasone 
injection. The follow up was carried out up to 
three months. Results showed that the mean 
foveal thickness was reduced in the three 
groups. As regard MF-ERG P1 amplitude 
increased and P1 implicit time was reduced in 
the three groups and they concluded that DME 
can be treated with bevacizumab alone, as the 
use of adjunct steroids has many 
complications. 


Yu-Dong Fu et al. “® evaluated MF- 
ERG changes in 27 eyes of 27 patients with 
DME after treatment with intravitreal 
ranibizumab in three consecutive monthly 
injection and as needed thereafter. The 
clinical parameters of best-corrected visual 
acuity (BCVA), central foveal thickness (CFT) 
and mf-ERG were monitored before and after 
IVR. The findings at baseline, 1, 3 and 6 
months were analyzed. IVR significantly 
improved visual acuity from the beginning of 
the treatment (P <0.05). There were significant 
decreases in the CFT compared with the 
baseline after IVR (P< 0.05). The mean 
amplitude of P1 in the central ring at all 
examinations increased significantly compared 
with the baseline (P< 0.05). The mean P1 
implicit time in the central ring was shortened, 
but not significantly (P>0.05). There were 
significant correlations of BCVA with CFT 
and P1 amplitude in the central retina (P< 
0.05). They concluded that, in addition to the 
improvement in BCVA and the reduction in 
CFT, IVR improved macular retinal function, 
as assessed by mf-ERG, in diabetic eyes. The 
combination of OCT and mf-ERG for macular 
evaluation may better assess DME. 


Baget-Bernaldiz et al. “” evaluated 
MF-ERG changes at l-year follow-up in a 
cohort of diabetic macular edema patients 
treated with ranibizumab according to Pro re 
nata protocol. 35 eyes of 35 patients treated 
with 3 injections of ranibizumab and as needed 
thereafter, Eyes with cystic and spongiform 
DME showed better P1 amplitude with respect 
to the serous type (p < 0.001) at baseline. 
Similarly, eyes with high IS/OS and ELM 
preservation rates showed higher initial P1 
amplitude compared to the others (p < 0.001). 
Eyes with moderate DR had better Pl 
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amplitude compared to those with severe and 
proliferative DR (p = 0.001). At the beginning 
of the study, those eyes with proliferative and 
severe DR showed longer implicit times with 
respect to those with moderate DR (p = 0.04). 
The P1 amplitude significantly increased in 
eyes that anatomically restored the IS/OS and 
the ELM after being treated with RNBZ (both 
p < 0.001). Similarly, eyes with spongiform 
DME further improved the P1 amplitude with 
respect to those with cystic and serous DME (p 
< 0.001). On the contrary, eyes with hard 
exudates showed less improvement in their P1 
amplitude at the end of the study (p < 0.001). 
We observed a significant relationship 
between BCVA and P1 amplitude achieved at 
the end of the study (p = 0.012). Eyes with 
severe and proliferative DR significantly 
shortened implicit time compared to those with 
moderate DR (p = 0.04). 


Our study focused on P1 amplitude 
and implicit time in ring 1 and 2. Ring 1 (0- 
2.3°) corresponds roughly to the fovea and 
ring 2 (2.3—7.4°) to the parafovea and partially 
to the perifovea. The results have shown that, 
in addition to improvement in BCVA and 
reduction in CFT, intravitreal injections of 
ranibizumab improved macular function. P1 
amplitude in ring 1 improved significantly 
from (33.08+10.59 nv/deg2) preoperatively to 
(58.30432.67 nv/deg2) at the end of the 3rd 
month, with Pvalue <0.001. P1 amplitude in 
ring 2 improved from (18.82+5.01 nv/deg2) 
preoperatively to (26.36+43.006 nv/deg2) at the 
end of the 3rd month, with P-value <0.05. P1 
implicit time in ring 1 improved from 
(78.65+12.37 ms) preoperatively to 
(63.78415.73 ms) at the end of the 3rd month, 
with P-value in the Ist month <0.05 and 
<0.001 in the 3rd month. P1 implicit time in 
ring 2 improved from (48.81+6.44 ms) to 
(44.39+4.06 ms) at the end of the 3rd month, 
with P-value in the Ist and 3rd month <0.05. 


Hood et al. °” reported that P1 was 
generated by Muller and bipolar cells, so a 
decrease in P1 amplitude mainly reflects 
functional damage to the inner retina. 


This study found that, the amplitude of 
P1 decreased significantly in patients with 
DME. Through the observations made during 
a short period of 3 months after intravitreal 
anti-VEGF treatment, the amplitude of P1 was 
most closely related to the BCVA and with the 
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decrease in the CFT. This showed that 
intravitreal anti-VEGF injection is not only 
able to reduce macular edema, but also can aid 
in the recovery of inner retinal cell function. 


Significant correlations between 
BCVA and mfERG amplitude have been 


reported in previous studies of maculopathies 
(21) 


We also found a significant correlation 
of BCVA, as a dependent variable, with P1 
amplitude in the central ring before injection 
and after 3 months of treatment. 


Previous studies reported that implicit 
times were just increased reasonably or still 
within normal ranges, in spite of diminished 
amplitudes and severe visual loss, implying 
that the decrease in visual acuity is not 
necessarily related to the change in implicit 
time. Our results were consistent with this 
report, and the correlation of P1 implicit times 
with BCVA was not significant. 


Holm et al. °” found that BCVA and 
CFT were improved after intravitreal 
antt VEGF treatment, but there was no 
difference in mf-ERG results when compared 
with baseline; this may be related to the 
frequency of intravitreal injection of 
ranibizumab “®”. 


Most researchers believe that the 
injection project of 3 + PRN is the best scheme 
for intravitreal anti-VEGFs °°. 


DME can be divided into three types 
by results of OCT: diffuse retinal thickening 
(DRT), cystoid macular edema (CME) and 
serous retinal detachment (SRD) “®. 


After patients with the three different 
OCT types of DME had received intravitreal 
anti-VEGF, differences in macular edema and 
visual acuity were obvious, and the effect on 
DRT type was the best *”. 


We believe that, although other the 
studies have used the same treatment process, 
the mf-ERG results were obviously different, 
and this may be related to the different 
proportion of the different OCT types among 
the patients with DME. Therefore, use of OCT 
for DME typing before evaluating the mf-ERG 
findings may give more reliable results. 


In summary, Eyes with DME have 
significantly abnormal mf-ERG responses. 


Multifocal Electroretinogram changes after.... 


Visual acuity was closely correlated with P1 
amplitude in the central ring, based on mf- 
ERG. It is important to improve our 
understanding of DME in order to produce 
more elaborate suggestions regarding when to 
begin therapy and when not. These findings 
indicate that functional changes in the retina of 
patients with diabetes mellitus assessed by mf- 
ERG can complement OCT findings. Long- 
term researches and bigger sample sizes are 
required for more substantial documentation. 


CONCLUSION 
Intravitreal injection of Anti-VEGFs 
especially Ranibizumab resulted in 


improvement of macular function in study 
patients with diabetic macular edema. 
postoperative improvement in visual acuity 
was accompanied by decreased retinal 
thickness measured by OCT and improvement 
of Pl amplitude in the central ring measured 
by MF-ERG. 

References: 


1. Klein R, Knudtson MD, Lee KE et al. 
(2008): The Wisconsin Epidemiologic 
Study of Diabetic Retinopathy: XXII the 
twenty-five-year progression of 
retinopathy in persons with type 1 
diabetes. Ophthalmology, 115(11):1859- 
1868. 

2. Early Treatment Diabetic Retinopathy 
Study report number 1 (1985): 
Photocoagulation for diabetic macular 
edema. Early Treatment Diabetic 
Retinopathy Study research group. Arch 
Ophthalmol., 103(12):1796—1806. 

3. Ferrara N (2004): Vascular endothelial 
growth factor: basic science and clinical 
progress. Endocr Rev., 25(4):581—611 

4. Soheilian M, Ramezani A, Obudi A et 
al. (2009): Randomized trial of 
intravitreal bevacizumab alone or 
combined with triamcinolone versus 
macular photocoagulation in diabetic 
macular edema. Ophthalmology, 
116:1142-50. 

5. Nguyen QD, Tatlipinar S, Shah SM et 
al. (2006): Vascular endothelial growth 
factor is a critical stimulus for diabetic 
macular edema. Am J Ophthalmol., 
142(6):961—969. 

6. Bachmann A, Leitgeb R, Lasser T et al. 
(2006): Heterodyne Fourier domain 
optical coherence tomography for full 


6174 


10. 


11. 


12. 


13. 


14. 


15. 


range probing with high axial resolution. 
Opt Express., 14(4):1487—1496. 

Hood DC, Bach M, Brigell M et al. 
(2011):  ISCEV Standards, ISCEV 
standard for clinical multifocal 
electroretinography (Mf-ERG) October. 
Documenta Ophthalmologica, 241(1):1- 
13. 

Mitchell P, Bandello F, Schmidt-Erfurth 
U et al. (2011): ranibizumab monotherapy 
or combined with laser versus laser 
monotherapy for diabetic macular edema. 
Ophthalmology, 118(4):615—625. 
Sivaprasad S, Prevost AT, Vasconcelos 
JC et al. (2017): CLARITY Study Group 
Clinical efficacy of intravitreal aflibercept 
versus panretinal photocoagulation for best 
corrected visual acuity in patients with 
proliferative diabetic retinopathy at 52 
weeks (CLARITY): a multicentre, single- 
blinded, randomised, controlled, phase 2b, 
non-inferiority trial. Lancet, 
389(10085):2193—2203. 

Nguyen QD, Brown DM, Marcus DM et 
al. (2012): Ride Research Group 
Ranibizumab for diabetic macular edema: 
results from 2 phase III randomized trials: 
RISE and RIDE. Ophthalmology, 
119(4):789-801. 

Nepomuceno A, Takaki E, Almeida F et 
al. (2013): A Prospective randomized trial 
of intravitreal bevacizumab versus 
ranibizumab for the management of 
diabetic macular edema. American Journal 
of Ophthalmology, 156(3): 502-510. 
Browning DJ, Glassman AR, Aiello LP 
et al. (2007): Relationship between optical 
coherence tomography-measured central 
retinal thickness and visual acuity in 
diabetic macular edema. Ophthalmology, 
114(3): 525-536. 

Sutter EE and Tran D (1992): The field 
topography of ERG components in man— 
I. The photopic luminance response. Vis 
Res., 32(3):433-446. 

Yamamoto S, Yamamoto T, Hayashi M 
et al. (2001): Morphological and 
functional analyses of diabetic macular 
edema by optical coherence tomography 
and multifocal electroretinograms. Graefes 
Arch Clin Exp Ophthalmol., 239(2):96- 
101. 

Abdollahi A, Movassat M, Nili 
Ahmadabadi M et al. (2010): Multifocal 
electroretinography assisted comparison of 


16. 


17. 


18. 


19. 


20. 


Magdy Tawakol et al. 


macular photocoagulation versus macular 
photocoagulation and intravitreal 
bevacizumab injection in diabetic macular 
edema. Iranian Journal of Ophthalmology, 
22(3):23-28. 

Torres-soriano M, Lorenzo V, Aguirre 


G et al. (2012): Multifocal 
electrophysiologic findings after 
intravitreal bevacizumab (Avastin) 


treatment. The journal of retinal and 
vitreous diseases, 32 (5): 972-976. 

Enany H (2015): Evaluation of 
intravitreal corticosteroids as an adjuvant 
to bevacizumab for diabetic macular 
edema using _ electroretinogram.Delta 
Journal of Ophthalmology, 16(1):27-31. 
YuDong F, Ping Wang, XuXia Meng et 
al. (2017): Structural and functional 
assessment after intravitreal injection of 
ranibizumab in diabetic macular edema. 
Doc Ophthalmol., 135:165—173. 
Baget-Bernaldiz M, Romero-Aroca P, 
Bautista-Perez A et al. (2017): Multifocal 
electroretinography changes at the 1-year 
follow-up in a cohort of diabetic macular 
edema patients treated with ranibizumab. 
Doc Ophthalmol., 135(2):85-96. 

Hood DC, Odel JG, Chen CS et al. 
(2003): The multifocal electroretinogram. 
J Neuroophthalmol., 23(3):225—235. 


6175 


21. 


22. 


23. 


24. 


25. 


Hvarfner C, Andreasson S and Larsson 
J (2006): Multifocal electroretinography 
and fluorescein angiography in retinal vein 
occlusion. Retina, 26(3):292—296. 

Holm K, Schroeder M and Lovestam 
AM (2015): Peripheral retinal function 
assessed with 30-Hz flicker seems to 
improve after treatment with Lucentis in 
patients with diabetic macular oedema. 
Doc Ophthalmol., 131(1):43-—51. 
Campochiaro PA, Brown DM, Awh CC 
et al. (2011): Sustained benefits from 
ranibizumab for macular edema following 
central retinal vein occlusion: twelve- 
month outcomes of a phase III study. 
Ophthalmology, 118(10):2041—2049. 


Shimura M, Yasuda K, Nakazawa T et 
al. (2011): Visual outcome after 
intravitreal triamcinolone acetonide 


depends on optical coherence tomographic 
patterns in patients with diffuse diabetic 
macular edema. Retina, 31(4):748—754. 
Seo KH, Yu SY, Kim M et al. (2016): 
Visual and morphologic outcomes of 
intravitreal ranibizumab for diabetic 
macular edema based on optical coherence 
tomography patterns. Retina, 36(3):588— 
595. 


